Background {#Sec1}
==========

Since *Giardia intestinalis* (also known as *G. lamblia* or *G. duodenalis*) infection is still highly endemic in most developing regions \[[@CR1]\], the burden of those infections are considered a public health issue, especially among children in rural communities. Indeed, various harmful outcomes related to *G. intestinalis* infection, including significantly lower weight for age z-score (WAZ) and weight for height z-score (WHZ), vitamin A deficiency \[[@CR2]\], decreased serum iron and zinc content \[[@CR3]\], dual burden of overweight/obesity and stunting \[[@CR4]\], and higher burden of intestinal schistosomiasis and related anemia \[[@CR5]\], have been epidemiologically estimated.

However, certain studies have reported contrasting findings. Goto et al. reported that pathogenic outcomes of *G. intestinalis* infection were only observed during initial exposure \[[@CR6]\]. The correlation between WAZ and/or WHZ and *Giardia* infections was confirmed using anti-*Giardia* IgM; however, this correlation was no longer observed upon an increase in IgG titers. Moreover, a significant correlation between higher socioeconomic status and low Giardia infections \[[@CR7]\] suggests the presence of socioeconomic bias on the above-mentioned harmful outcomes, since these outcomes are also considered to be the results from poverty.

To address the burden of *G. intestinalis* infection on children living in highly endemic regions, it is probably important to determine whether the infection causes diarrhea, especially beyond outside of medical facilities even in the endemic areas, though limited information is available regarding this aspect.

In contrast to *G. intestinalis*, various commensal intestinal protozoans have been comparatively neglected; however, recent molecular epidemiological studies have addressed newly defined potentially pathogenic intestinal protozoan parasites such as *Entamoeba moshkovskii* \[[@CR8]\] and *Dientamoeba fragilis* \[[@CR9]\], both which have been considered non-pathogenic for many years. The presence of morphologically indistinguishable pathogenic *E. histolytica* and non-pathogenic *E. dispar* seemingly prevented the determination of the pathogenicity of *E. moshkovskii* for a long time, while the difficulty of detection, owing to the comparatively small and fragile trophozoites, which are usually only excreted in stool, might serve as an obstacle to detecting *D. fragilis* itself in patient stool samples. This is also the case for other *Entamoeba* species, such as *E. coli* and *E. hartmanni*, which are generally highly endemic in tropical and sub-tropical rural areas \[[@CR10]\]. Their examinations have rarely been conducted primarily, since they have been considered non-pathogenic.

In this study, we evaluated the pathogenicity of *G. intestinalis* and commensal *Entamoeba* species. To avoid socioeconomic and sampling biases, healthy school children in a small village were recruited, and correlations between diarrheal stool form and parasitic infections or colonizations were assessed.

Materials {#Sec2}
=========

Study design {#Sec3}
------------

To analyze the pathogenicity of *G. intestinalis* and non-pathogenic *Entamoeba* spp., a cross-sectional, school-based sample collection was conducted in September 2016 at the Kera-Panba elementary and junior-high school (location: 9° 38′ 36.13″ S, 119° 0′ 58.05″ E), Wainyapu village, Sumba Islands, Indonesia.

Sample collection and evaluation of stool form {#Sec4}
----------------------------------------------

We collected 144 stool samples from healthy school children (74 males; age range, 7--15 years; median age, 10.0 years), using stool bags. Stool form was evaluated using the Bristol stool chart \[[@CR11]\], based on a seven-point scale as follows: 1, separate hard nut-like lumps; 2, sausage-shaped but lumpy; 3, sausage- or snake-like but with cracks on the surface; 4, sausage- or snake-like, smooth, and soft; 5, soft blobs with distinct edges; 6, fluffy pieces with ragged edges, a mushy stool; 7, watery, no solid pieces. In this study, the criteria for stool form were determined in accordance with the aforementioned scale as follows: constipation (score, 1--2), normal stool (score, 3--4), and loose stool (score, 5--7).

Polymerase chain reaction (PCR)-based DNA sequencing survey of intestinal protozoans {#Sec5}
------------------------------------------------------------------------------------

From the stool bag, 0.2 g of stool samples were preserved with 600 μL of DNAzol® reagent (Molecular Research Center, Inc., Cincinnati, OH, USA) at 4 °C for further analyses. Genomic DNA was extracted from DNAzol®-treated sample mixtures in accordance with the manufacturer's instructions with slight modification, as described previously \[[@CR12]\]. The final products were suspended in 80 μL of 10 mM Tris-HCl (pH 8.0) containing 1 mM EDTA and preserved at − 30 °C for subsequent analyses.

Extracted DNA was screened via PCR targeting the 18S small subunit of ribosomal RNA gene (18S rRNA) locus of *G. intestinalis* and subsequent genotyping for assemblage (ass.) A and ass. B \[[@CR1]\]. The 18S rRNA locus of *Entamoeba* spp. (*E. histolytica*, *E. dispar*, *E. moshkovskii*, *E. hartmanni*, and *E. coli*) were also screened via a universal nested PCR and subsequent species-specific PCRs \[[@CR10]\].

Statistical analysis {#Sec6}
--------------------

We used multivariate logistic regression modeling to examine the association between the loose stool form (binary value) as an outcome and the explanatory factors such as age (continuous value of years), male (binary value vs. female), and the molecular screening results of positives for those target protozoans and genotypes (binary value). The association between the loose stool form and the summarized binary values such as *G. intestinalis* infection and any amoeba infection (at least one amoeba detected samples) was independently analyzed with other demographic data (age, male). Statistical analyses were conducted using R version 3.3.3 (2017-03-06) \[[@CR13]\] with R package "epiDisplay" (version 3.2.2.0) \[[@CR14]\]. Differences in variables were analyzed using the Wald's test, with *P* \< 0.05 indicating statistical significance.

Results {#Sec7}
=======

Results of stool form evaluation {#Sec8}
--------------------------------

The criteria of Bristol stool chart could confirm the 33.3--90.9% of loose stool rates in age groups (Fig. [1](#Fig1){ref-type="fig"}), and the overall loose stool rate was 69.4%. Breaking down the results of stool form evaluation into the scale levels of Bristol stool chart, which were as follows: constipation stool \[scale 1 (4.2%) and 2 (3.5%)\], normal stool \[scale 3 (9.7%) and 4 (13.2%)\], and loose stool \[scale 5 (14.6%), 6 (31.3%), and 7 (23.6%)\]. The loose stool rates declined as age increased, and the trend was statistically supported \[adjusted odds ratio (AOR) 0.71, 95% confidence interval (CI) 0.59--0.86, *P* \< 0.001\] (Table [1](#Tab1){ref-type="table"}).Fig. 1Stool form evaluation results in age group. Stool form was initially evaluated using the Bristol stool chart, and subsequently, each stool form category (loose, normal, and constipation) was designated on the criteria mentioned in the materialsTable 1Risk factors associated with loose stool form in healthy Indonesian childrenFactorPrevalence (%)Loose stool rate (%)Adjusted odds ratio\
(95% confidence interval)\**P* value(Wald's test)Age (years)NANA0.71 (0.59--0.86)\< 0.001\*Male (male vs. female)NA48/74 (64.9)0.6 (0.28--1.28)0.183*Giardia intestinalis*81/144 (56.3)54/81(66.7)0.78 (0.36--1.67)0.520*G. intestinalis* Assemblage A23/144 (16.0)16/23 (69.6)0.73 (0.28--1.96)0.537*G. intestinalis* Assemblage B78/144 (54.2)51/78 (65.4)0.79 (0.37--1.69)0.551Any *Entameoba* spp.76/144 (52.8)51/76 (67.1)1.09 (0.51--2.34)0.817*E. histolytica*0NANANA*E. dispar*10/144 (6.9)8/10 (80.0)1.74 (0.34--8.9)0.507*E. moshkovskii*0NANANA*E. hartmanni*45/144 (31.3)31/45 (68.9)2.81 (1.1--3.7)0.026\**E. coli*64/144 (44.4)41/64 (64.1)0.96 (0.45--2.06)0.915\* values significant with respect to a *P* value of 0.05*NA*, not applicable

Prevalences of protozoan parasites {#Sec9}
----------------------------------

The molecular screening revealed the prevalences of *G. intestinalis* \[56.3%, ass. A (16.0%) and ass. B (54.2%)\], *E. histolytica* (0%), *E. dispar* (6.9%), *E. moshkovskii* (0%), *E. hartmanni* (31.3%), and *E. coli* (44.4%) (Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}). Although the molecular screening also targeted the pathogenic *E. histolytica* and the potentially pathogenic *E. moshkovskii*, those could not be detected in this study.Table 2Prevalences of intestinal protozoan parasites in age groupsInfection or colonizationPositive sample numbers (prevalence %) in age groups (years)7891011121314 \<(*n* = 12)(*n* = 22)(*n* = 25)(*n* = 26)(*n* = 21)(*n* = 8)(*n* = 24)(*n* = 6)*Giardia intestinalis*8 (66.7)11 (50.0)11 (44.0)15 (57.7)12 (57.1)4 (50.0)19 (79.2)1 (16.7)*G. intestinalis* ass. A3 (25.0)3 (13.6)1 (4.0)2 (7.7)5 (23.8)1 (12.5)8 (33.3)0*G. intestinalis* ass. B8 (66.7)10 (45.5)11 (44.0)15 (57.7)10 (47.6)4 (50.0)19 (79.3)1 (16.7)Any *Entamoeba*8 (66.7)9 (40.9)11 (44.0)16 (61.5)7 (33.3)7 (87.5)14 (58.3)4 (66.7)*E. histolytica*00000000*E. dispar*01 (4.5)2 (8.0)3 (11.5)3 (14.3)1 (12.5)00*E. moshkovskii*00000000*E. hartmanni*3 (25.0)6 (27.3)5 (20.0)10 (38.5)4 (19.0)3 (37.5)11 (45.8)3 (50.0)*E. coli*7 (58.3)9 (40.9)8 (32.0)13 (50.0)6 (28.6)6 (75.0)12 (50.0)3 (50.0)

The loose stool rate in each protozoan positive group was as follows: *G. intestinalis* (66.7%) \[ass. A (69.6%) and ass. B (65.4%)\], *E. dispar* (80.0%), *E. hartmanni* (68.9%), and *E. coli* (64.1%) (Table [1](#Tab1){ref-type="table"}).

Correlations between loose stool form and protozoan infection or colonization {#Sec10}
-----------------------------------------------------------------------------

Results of logistic regression analysis of protozoan infections or colonizations for diarrhea (loose stool form) as outcome (Table [1](#Tab1){ref-type="table"}) revealed no significant results in examined protozoans including the pathogenic protozoan infection of *G. intestinalis* (AOR 0.78, 95% CI 0.36--1.67) with those genotypes \[ass. A (AOR 0.73, 95% CI 0.28--1.96) and ass. B (AOR 0.79, 95% CI 0.37--1.69)\], except in *E. hartmanni* colonizations (AOR 2.81, 95% CI 1.1--3.7, *P* = 0.026).

Discussion {#Sec11}
==========

Assessment of stool form by the Bristol stool chart {#Sec12}
---------------------------------------------------

The stool form evaluation targeting healthy population could address the loose stool condition, which means mild to severe diarrheal conditions in those individuals (Fig. [1](#Fig1){ref-type="fig"}). Observed declined proportion of loose stool rates with age provides an evidence for our previous estimation in the field that elder children are more likely to provide solid stools, and also is consistent with the result of reference publication, which confirmed the reliability of this method \[[@CR15]\].

Asymptomatic *G. intestinalis* infection {#Sec13}
----------------------------------------

The asymptomatic features, such as a persistence of duration (as long as 4 months) and a mean duration of cysts excretion (7.18 weeks), for *G. intestinalis* infections were described \[[@CR16]\]. On the other hand, the asymptomatic infections in ordinary people have not yet been elucidated outside the clinical sites. By assessing the stool form of healthy school children, the correlation between *G. intestinalis* infection and loose stool, which indicates mild diarrheal status, was evaluated. The loose stool rates among *G. intestinalis* infected individuals were almost of the same level as those in commensal non-pathogenic *Entamoeba* spp.-colonized ones, and the correlation between the mild diarrheal stool condition and *G. intestinalis* infection could not be confirmed (Table [1](#Tab1){ref-type="table"}). Taking the results together, *G. intestinalis* may regard commensal protozoan parasite at least in children over 6 years old under the parasite-endemic condition. As was indicated in previous observations \[[@CR6]\], the early exposure to *G. intestinalis* infection seems to establish a certain resistance to the onset of the diarrheal symptom, though the infection itself could not be prevented.

Possible pathogenicity, related to the *E. hartmanni* colonization {#Sec14}
------------------------------------------------------------------

Possible pathogenicity related to the *E. hartmanni* colonization was observed (Table [1](#Tab1){ref-type="table"}); however, there is almost no paper that suggests the pathogenicity of *E. hartmanni* colonization. To the best of our knowledge, the only two references have reported the *E. hartmanni* cases of AIDS-related diarrhea \[[@CR17]\] and reactive arthritis in HLA-B27-positive individual \[[@CR18]\]. Although the latter case suggested *E. hartmanni* as a causal agent of reactive arthritis, in both cases, metronidazole treatment was quite effective to *E. hartmanni*, and the complete relief of those symptoms was successfully achieved. It might be noteworthy that this significance, which indicates pathogenicity of *E. hartmanni*, was not observed when we use only severe diarrheal stool group (scale 6 and 7 of Bristol stool chart) for the analysis. This means that even *E. hartmanni* possess a certain pathogenicity, though the level of pathogenicity might be limited to mild. Meanwhile, the presence of recently proposed potential pathogens such as *E. moshkovskii* and *D. fragilis* together with the possible pathogenicity of *E. hartmanni* emphasize the need of further study on pathogenicity evaluation for commensal protozoan parasites that have been neglected so far.

Limitation of this study {#Sec15}
------------------------

Due to the lack of evaluation of viral and bacterial pathogens for diarrhea, the results of this study might be considered to be preliminary, and further in-depth research is clearly required to understand the findings.

Conclusions {#Sec16}
===========

We molecularly examined occult protozoan infections in healthy school children in Indonesia to evaluate the real pathogenicity of *G. intestinalis* and *Entamoeba* species. We found that only *E. hartmanni* colonization was associated with loose stool, though no correlation was found with *G. intestinalis* infection. In children living under a parasites-endemic area in Indonesia, *E. hartmanni* could be a mild pathogen, whereas *G. intestinalis* might be regarded as commensal, though the burden on children under 7 years of age may not be negligible.
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